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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pephepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. The eastern part of the Republic of Kazakhstan, including
the West Siberian, Yenisei—Sayan—Altai, Central Kazakhstan, and Zhetysu—Alatau—
Tien Shan hydrogeological regions, is characterized by widespread granitoid
massifs and uranium-bearing formations. These geological conditions promote
elevated radon concentrations in groundwater, creating potential radiological
risks to the population through drinking water consumption. Objective. To assess
the distribution of radon in groundwater of eastern Kazakhstan, evaluate the
associated effective radiation dose to the population, identify areas of elevated
radiological risk, and substantiate the need for groundwater radon monitoring.
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Methods. Groundwater samples from the major hydrogeological regions of eastern
Kazakhstan were analyzed to determine hydrochemical composition, total dissolved
solids, and radon activity. Effective annual radiation doses were calculated based on
measured radon concentrations, and spatial distribution patterns of radon activity
and exposure levels were evaluated. Results. The investigated groundwaters are
predominantly of the SO:—Ca and SO.—Na types, with total dissolved solids
ranging from 41 to 62,200 mg/dm?®. Radon activity varies from 0.2 to 5,500
Bqg/dm?, whereas the background value is 50 Bq/dm?®. The calculated effective
annual radiation dose ranges from negligible values to 60.5 mSv/year, with an
average of 1.5 mSv/year. The recommended safety threshold of 5 mSv/year is
exceeded in a considerable number of cases, while more than 30% of groundwater
samples contain radon concentrations above the maximum permissible level. The
highest radon activities are associated with Paleozoic and Cretaceous—Paleogene
aquifers and granitoid intrusions. Conclusions. The identified zones of elevated
groundwater radon represent areas of increased radiological risk. The obtained
results provide a scientific basis for groundwater monitoring, environmental risk
assessment, and the implementation of measures to reduce population exposure to
radon in the eastern regions of the Republic of Kazakhstan.

Keywords. hydrogeochemistry, radon, effective exposure dose, radon hazard
assessment, the Republic of Kazakhstan
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AnHoTanus. Oszexminiei. Kazakcran PecryOiauKachlHBIH IIBIFBIC O6JIiri,
onbry iminae bareic Cibip, Enuceii—CasH—Aunraii, Opranbik KazakcraH jxoHe
Kericy Amnaraybl—Tsab-Illanp THIPOreoNOrHsUIBIK aliMaKTapbl TPAaHUTOHJITHI
MacCUBTEp MEH ypaH KEHJICHYlI KEH TapajfaH eHipjiep OOJbIll TaObLIA/IbI.
MyHail reoJOrusIbIK JKarfgaiiap JKepacThl CyNapblHAA PaJOHHBIH JKOFaphbl
MeJIIIEep/Ie KUHAITYbIHA BIKIIAJ €Till, aybl3 Cy PETiHJIe MaljalaHbUIFaH XKaFaaia
XaJIBIKTBIH PaJMalMsUIbIK CIYJICIICHY KayIliH apTTeipanbl. Maxcamol. Kazakcran
PecnyOnukachIiHBIH IIBIFBIC OOIITTHIETT XKepacThl cylapblHAa PaJlOHHBIH Tapaity
3aHJIBUIBIKTAPbIH Oarayiay, XaJbIKTBIH THIMJII COYJICJEHY J03aChlH aHBIKTaY,
paaralMsIIBIK KayIli )KOFaphbl ayMaKTap bl Kby )KOHE KEPACThI CYJIapbIHIaFbI
PaJoH KYPaMbIH TYPAKThl OaKbUIAYIbIH KOKETTUIIrH HeTizney. Odicmepi. IbiFbic
KazakcTraHHBIH HETI3ri T'HAPOTCOJOTHSUIBIK aliMaKTapblHAH aJIbIHFAH KEePacThl
CYbl ChIHAMAJIAPBIHBIH THAPOXUMUSUIBIK KYPaMbl, JKaJllbl MUHEPAJIAHYbI KOHE
PaJOHHBIH KOJEMJIIK OCJICEHAUIIrT aHbIKTAJIbl. AJIBIHFAH MOJIMETTEp HETi3iHe
XaJIBIKTBIH XKbUIABIK TUIM/II COYJIENIEHY J103aChl €CEITEIIII, PaJOH OCJICeH I MeH
pPaAMalUsIIBIK dcep JACHIeMIepiHiH KeHICTIKTIK Tapaly epeKIIeIiKTepi Taa aH b,
Homuoicenepi. 3epTTenreH KepacThl cyjaapbl HETi3iHEH Cyab(arThl-KalbLUHII
KOHE CYNb(ATTHI-HATPUIIII TUAPOXUMUSIIBIK TUIITEPTE KAaTa Ibl, OJIAP.IbIH JKAJIIIbI
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MuHepanaanysl 41-62 200 mr/nM® apanbsiFbiHIa e3repei. PaoHHBIH KeIeMIiK
oencenpminiri 0,2-5 500 bx/mm® apaneireiaga, anm ¢oHablk MoHI 50 br/am?
Kypaiabl. XaablKThIH JKBUIIBIK THIM/II COYJIETIeHY J03achl OOIMAIIIbl MOHIEPICH
60,5 m3B/xbUTFa Jeiiin e3repim, oprama MoHI 1,5 M3B/KbUIAB Kypanabl.
Y ChIHBUTFaH Kayilci3 IeHrei — 5 M3B/5KbUI — KOIITEeTeH XKaF/aiiapaa aceIl Tyceli,
a1 J)KepacThl Cybl ChiHaManapbiHbIH 30 %-1aH acTaMbIH/Ia paioH MeJIIepi pykcat
eTUITeH MIeKTI KOHIICHTPAIUsIAaH KOFaphl. PalloHHBIH €H YKOFapbl OeJICeHIUTIT]
aje030H koHe 0Op—Talle0TeH KACTaFbI CyJIbl TOPU3OHTTApAA, COHAN-aK apTYpIIi
YKACTaFbl TPAHUTOUATH MHTPY3USIIApMEH OalaHBICTRI. Kopbimbinobl. XKepacTsl
CyJapbIHJa PaJIOH MOJIIEepi )KOFaphl OOJATHIH )KOHE PAAHAIMSIIBIK KayIli )KOFaphl
aliMakTap aHBIKTAJIABL. 3epTTey HOTHXKEIepi JKepacThl CYJIapbIHBIH CaltachlH
TYpaKThl MOHHTOPUHITEYTE, paIuallMsUIBIK KayinTi Oaramayra jxoHe Kazakcran
PecryOnukachIHBIH IIBIFBIC OHIPJIEPIHAC XAIBIKTBIH PaIOH dCepiHe YIIbIpayblH
TOMEH IETyTe OaFBITTAIFaH ic-TIapanap/bl 93ipiieyre FRUTBIMHA HEri3 00maibl.

Tyiiin ce3aep: THAPOTEOXUMUS, PAJIOH, THIMJI COYIIEICHY J103aChl, PaJIoH
Kayinrinirin Oaramay, Kazakcran Pecryonukacsr
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TUYECKHE PETHOHBI, XapaKTepU3yeTCsl MHUPOKUM pacIpOCTpaHEHUEM TPaHUTOUT
HBIX MAacCHBOB M YPAaHOHOCHBIX TEOJIOTMYECKHX oOpa3oBaHmil. Takue
YCIIOBUSI CITOCOOCTBYIOT HAKOILUICHUIO PajioHa B MOJ3EMHBIX BOJAX U CO3JAIOT
MOTEHIINATHHYIO PAAHAIIMOHHYTO OMTACHOCTH JIJIsl HACETIEHUS TIPH UX KCTIOJIb30BaHU N
B IIUTHEBBIX IEAX. B CBS3M ¢ 9TUM OLIEHKA MPOCTPAHCTBEHHOTO paclpeneieHus
pazoHa W OOYCJIOBIEHHBIX MM J03 OONy4eHHS WMEET Ba)KHOE 3HAYCHHE IS
oOecriedeHUs] paJMalldOHHON Oe30macHOCTH HaceneHus. [lens. OIEGHUTH
MPOCTPAHCTBEHHOE pacIpeiesiCHUe paJoHa B MOA3EMHbBIX BOAAX BOCTOYHON YacTh
Pecnyonmuku Kazaxcran, paccuntars 3(QQdeKTHUBHBIE TOMOBBIE T03BI OOIYUEHUS
HACEJICHHSI, BBISIBUTh TEPPUTOPUU C TOBBIIICHHBIM PaJHAllHOHHBIM PHCKOM W
000CHOBaTh HEOOXOAMMOCTH MOHHTOPHWHTA COACPIKAHHUS PajJioHAa B MCTOUYHHKAX
MOJ3EMHOTO BOIOCHAOKEHUsI. Memoovi. BeimonHeHn aHain3 npo0d TOA3EMHBIX
BOJI, OTOOpAHHBIX B OCHOBHBIX THAPOTEOIIOTUYECKUX PETHOHAX BOCTOYHOHN YacTh
Kazaxcrana. OnpeneneHsl THAPOXUMHUYCCKANA COCTaB, OOIIas MUHEPaTH3aIUs
1 00bEMHAsI aKTHBHOCTBH pajioHa. Ha 0CHOBE IMOJTyYeHHBIX JaHHBIX PacCYUTaHbBI
() peKTHBHBIE TOMOBHIC O3B OONYUCHHUS HACEICHHUS U IMPOaHATM3UPOBAHBI
MIPOCTPAHCTBEHHBIC 3aKOHOMEPHOCTH pACTpPEACICHHUS paJoHa U ypPOBHEU
paAMaMoOHHOTO BO3NEHCTBUS. Pe3ynivmamol. VlccnenoBaHHbIC MOJI36MHBIE BOJIBI
MPEUMYIICCTBEHHO OTHOCATCS K CYIb(aTHOMY KaJbIIUEBOMY U CYJIb(paTHOMY
HaTPUEBOMY THIPOXUMHYECKUM ThraM. OOmias MUHepanu3anus U3MEHSIETCS OT
41 no 62 200 mr/mm?. O0bEMHAs aKTUBHOCTE pasioHa Bapeupyet ot 0,2 10 5 500
Bbx/nm® npu ycnoBHo mpuHsToM ¢doHoBoM 3HaueHuu 50 bx/mm®. Paccunmrannas
a¢heKkTrBHAA TO0BAS 1032 OOIyUYeHUSI H3MEHSIETCSI OT MUHUMAJIbHBIX 3HaYCHUN
no 60,5 m3B/ron, cocraBisis B cpeaHeMm 1,5 m3B/ron. Ypoeenb 5 M3B/ron
MIPEBBIIIEH B 3HAYUTENLHON yacTH HaOmoaeHwuii, a 6omee 30 % mcciie0BaHHBIX
mpo0  XapakTepU3yIOTCS  COAEpPKAHMEM pajoHa BBIIIE  YCTAaHOBICHHOTO
JOIyCTUMOTO ypoBHs. Hanbonbias o0béMHass aKTUBHOCTh PaJioHa BBISBICHA B
BOJIaX, CBSI3aHHBIX C TAJIEO30MCKUMH U MEJOBO-TTAIEOTEHOBBIMUA BOJOHOCHBIMU
KOMIUIEKCAMH, a TaKKe C 30HAMU PACTIPOCTPAHEHUS TPAHUTOUIHBIX HUHTPY3H.
Bv1600bi. BhISIBIIEHBI y9acTKH MOBBIIIEHHOTO COIEPYKAHUS PaJIoHa B MOJ3EMHBIX
BOAAaX, MOTCHIIMAIBHO XapaKTCPU3YIOMINECS 3HAYUTEIBHBIM PaJHAIlHOHHBIM
puckoM Il HaceneHws. [lodmydeHHBIE pe3yabTaThl MOTYT CIIY)KUTh HAYyYHOW
OCHOBOHM Ui OpPTaHM3allMA CHCTEMaTHYE€CKOTO MOHHUTOPWHTA TIOA3EMHBIX BOJI,
OIICHKH paJMaIMOHHON 0E30MaCHOCTH MCTOYHUKOB MUTHLEBOTO BOJIOCHAOKCHUS
1 pa3pabOTKN MEepONPUATHH MO CHIDKEHHIO BO3ICHCTBHSA paJioHA Ha HacelleHHe
BOCTOUHBIX pernoHOB PecryOnuku KazaxcraHn.

KarodeBble cjioBa: THIPOTEOXHMHUS; ITOI3EMHBIE BOJBI, pajoH; OO0BEMHAs
aKTUBHOCTH pafoHa; 3(QexTuBHas 1032 OOMydUeHUS; pPaTUAIIMOHHBIA PHCK;
MOHHUTOPHHT TIOA3EMHBIX BOJ|

Introduction. The surface and ground water objects for use as the sources
of drinking and municipal water supply should be protected from pollution and
slugging, provided that the suitability of waters for the indicated purposes is
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determined on the basis of sanitary and epidemiological conclusions. According to
the estimates of the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), more than 98 % of public exposure dose is associated
with natural radiation sources, which explains increased attention of scientific
community to the radiological quality of drinking water.

Studies of radon activity in natural waters, including drinking and mineral
waters, are extensively conducted in many regions of the world including the USA,
Russia, European and Asia-Pacific countries. Radon concentration is waters can
vary from 1 to 100000 Bg/dm?, and in addition to regions with low background
values there are sites with anomalously high activity, for example, in Brazil, India,
Canada, Tiirkiye, Iran, etc. (Bohm, 2002; Bertolo, Bigliotto, 2004; Beitollahi et
al., 2007; Gurler et al., 2010; Chaudhuri et al., 2010; Abu-Khader et al., 2018; and
others). In the regions adjacent to the Russian Federation, many occurrences of
radon-rich waters with activity varying between 2 and 25220 Bg/dm? have been
detected (Novikov et al., 2021; Novikov et al., 2022).

In the eastern regions of the Republic of Kazakhstan, water radioactivity is
mainly due to the presence of radioactive minerals in age-diverse granitoid
massifs, which is confirmed by the discovery of a number of uranium deposits
(Grachevskoye, Alutau, Yubileynoye and others) during large-scale exploration
works that started as long ago as in the middle of the past century (Fig. 1).
Radon-222 is a colorless radioactive inert gas, the product of uranium decay,
readily soluble in the groundwaters of endo- and exogenous fracturing zones in
granitoid massifs; it does not migrate over large distances from the emanating
reservoirs. It has been established in our previous works that it is the interaction
in water — rock system that determines the degree of groundwater saturation with
radon.

The problem of water radioactivity is especially important for the settlements
where groundwaters are used for municipal and drinking water supply. In addition,
individual water boreholes are used for water supply in many private homes.

During household water use, radon passes into indoor air, so that its concentration
in living and working spaces increases. The highest danger for human health is
caused by radon when it is inhaled because the products of its decay staying in
the respiratory tract cause ionizing action on the lung tissue cells, which enhances
the risk of lung cancer. Oral intake of radon with water or food is less dangerous;
however, this route also makes a certain contribution into the total dose received
by a person.

In the present study, the contribution from radon, entering homes together
with groundwaters, into the total effective public exposure dose is assessed
quantitatively, taking into account the inhalation and oral routes of radon intake
into the organism. The data obtained allow us to estimate the risk for public health
associated with the use of radon-rich groundwaters in the eastern regions of the
Republic of Kazakhstan, and to substantiate the necessity of monitoring and
control of this radionuclide in water supply systems.
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Materials and Methods. Investigation procedure. Investigation is based on the
results of retrospective (Voklovgeologiya) and our own measurements of radon
activity in groundwaters sampled from the springs and water-supply wells during
the field studies in 2025 (see Figure 1).
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Figure 1. Map of original evidence.

1 — the region of field works in 2025; boundaries: 2 — the Republic of Kazakhstan, 3 —
hydrogeological regions; 4 — uranium deposits, 5 — water wells with the data on radon activity.
Hydrogeological regions: I — Skifsko-Turakskiy, II — West Siberian, III — Eastern European, VIII —
Zhetysu-Alatau-Tien Shan, IX — Yenisei-Sayan-Altai, X — Central Kazakhstan, XI — Taimyr-Ural

Water was sampled into polyethylene containers, and measurement of ?*Rn
activity was made using alpha-radiometer Alfarad not later than within 2 days
after sampling. The total set of geochemical samples over the groundwaters of the
Republic of Kazakhstan is represented by the data on 3630 samples. For subsequent
analysis, we used 777 samples for which radon activities have been measured
(Fig. 2). The effective dose was calculated taking into account oral and inhalation
radon intake. The data were mapped (Fig. 3). Calculations were carried out using
the equations described in the work by A. V. Kalaido with co-authors (Kalaido
et al., 2023), taking into account various parameters affecting the effective dose.
The equation to calculate the effective dose received due to the inhalation effect of
radon (Einh, mZv/year) released from water during its use is as follows:

CwaT

Einh = DCF(——)Ft

where DCF is the dose factor for radon inhalation (9-10—9 Zv/(Bq-h-m-3))
(Assessment..., 2002); Cw is radon concentration in water, measured during
laboratory studies, Bq/dm3; Qw is daily water consumption, L/day (this value is
accepted to be 500 dm3/day for a family of three); T is the coefficient of radon
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transition from water into air (it is usually equal to 0,1) (Isinkaye, Ajiboye, 2017);
V is room volume, m?, which is accepted to be 208 m3: this value was obtained
from the average area of individual homes (80 m2) and mean room height 2,6 m;
n is air exchange rate, 1/day; F is the factor of radon equilibrium in air (is accepted
to be equal to 0,4) (Akhtimankina, Tayurskaya, 2022); t is the time of stay indoor,
6000 h/year (Kononenko, Kormanovskaja, 2015; Kalaido et al., 2023).
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Figure 2. Map of radon activity in groundwaters.

1 — settlements, 2 — hydrographic network, 3 — boundaries of the Republic of Kazakhstan, 4 —
uranium deposits, 5 — boundaries of hydrogeological regions, 6 — radon test sites: 7 — radon activity
higher than 500 Bq/dm3, 8 — radon concentration isolines, 9 — no data. Hydrogeological regions are

listed in Figure 1.

The effective annual dose received from the oral water intake with food (Eing,
mZv/year) is determined as

Eing = DCF - CV,

where DCF is the dose factor, Zv/Bq (the recommended value for the oral
intake of radon is 3,5-10—9 Zv/Bq) (ICRP..., 2012), C is the annual mean radon
concentration in water, Bq/dm3; V is the annual volume of water consumed, dm3/
year (this value is accepted to be equal to 730 dm3/year, at a rate of 2 dm3/day)
(Bem et al., 2014; Isinkaye, Ajiboye, 2017). To estimate radon effect on public
health, the total effective dose was used: Einh + Eing.
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Figure 3. The distribution of effective public exposure doses.
1 — settlements, 2 — hydrographic network, 3 — boundaries of the Republic of Kazakhstan, 4 —
uranium deposits, 5 — boundaries of hydrogeological regions, 6 — no data. Hydrogeological regions
are listed in Figure 1.

Features of hydrogeological structure. The hydrogeological conditions for all
the structures of the territory under investigation have been considered in (Atlas...,
2022; Medeshova et al., 2025). Many factors affect the formation of groundwaters
and their propagation, but the factors of prime importance are geological-tectonic
features of the hydrogeological structures and the occurrence patterns of permeable
rocks, which are natural reservoirs accumulating groundwaters of diverse chemical
composition. A close relationship has been established between hydrogeochemical
and structural-tectonic conditions, which is evidence that the latter ones affect the
formation of major- and trace-component composition of groundwaters. The types
of hydrogeological sections characterizing the features of geological structures
also belong to the most important factors. Two systems of artesian and non-
artesian basins are distinguished within the country: the regions (platforms) with
predominant pore-stratal groundwaters (Skifsko-Turanskiy-I, West Siberian-1I,
Eastern European-I11), and regions (orogenic regions) with predominant fracture,
fracture-vein and fracture-karst groundwaters, including inter- and intramountain
troughs, modern and ancient river valleys with pore and pore-stratal groundwaters
(Zhetysu-Alatau-Tien Shan-VIII, Yenisei-Altai-Sayan-1X, Central Kazakhstan-X,
Taymyr-Ural-XI) (see Figure 1). The first-order basins are distinguished within the
boundaries of regions.

Geochemical features and radon distribution in groundwaters
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The waters under investigation were divided into five groups according to the
age of water-bearing sediments (Table 1). The major ion composition is presented
in Figure 4,a. The Gibbs’ diagrams [Gibbs, 1970] show that the chemical
composition of waters is formed with contributions from atmospheric precipitation,
the transition of elements from rocks during weathering, and evaporation. It has
been determined that most points fall in the terrigenous rock weathering field
(figure 4b-d). Continental salting processes are broadly manifested in the upper
hydrodynamic zone.

Group [ includes waters that occur within the ungraded Paleozoic sediments,
these waters belong to the sulfate calcium and sulfate sodium type. Their salinity
is 60-62200 mg/dm3 (2210,6 mg/dm3 on average), their hydrogen-ion exponent is
neutral weakly alkaline (pH 6,05-9,3). The activity of radon (222Rn) varies within
a broad range from 0,3 to 5098,6 Bq/dm3, with the average total effective dose
being 1,66 mZv/year.
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Figure 4. Piper diagram of groundwater composition for the eastern regions of the Republic of
Kazakhstan (a), distribution of geochemical coefficients depicting the mechanisms controlling the
chemical composition of natural waters (according to Gibbs [1970]) (b-d).

Aquifers: 1 — ungraded Pre-Cambrian rocks, 2 — the Cambrian-Carboniferous sediments, 3 —
Cretaceous-Paleogene sediments, 4 — Neogene sediments, 5 — Quaternary sediments; 6 — water-
bearing zones of exogenous and tectonic fracturing of diverse-aged magmatic formations.
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In water-saturated rocks of the Cambrian-Carboniferous age (group 2),
the groundwaters with predominant hydrocarbonate calcium composition are
determined. The average salt content is 2077,8 mg/dm3 (varying within the range
from 100 to 44100 mg/dm3), pH varies from weakly acidic to weakly alkaline
(from 6,5 to 8,4). Radon activity varies from 1,97 to 5550 Bg/dm3, with the
average total effective dose 1 mZv/year.

Table 1. Groundwater saturation with radon, effective dose.

Grou, Rn, Bg/ Effective dose, | Number of

No. ’ Group M, mg/dm3 pH dm3 ‘ mZv/year samples

| b7 60-62200 6,05-9,3 [0,3-5098,6 |0,004-55,6 18
2210,6(140) 7(112)  |152,1(182) | 1,66(182)

) e-C 100-44100 6,5-8,4 [1,97-5550 |0,02-60,55 139
2077,8(127) 7,2(76) 195,5(139) | 1(139)

3 K-p 305-5849 7-8,9 0,2-5400 | 0,003-58,9 167
1422(162) 8,1(160) | 141(167) |1,55(167)

4 N 113-3500 7-8,8 10-388,5 |0,1-4,2 16
966,6(14) 7,9(12) [93(16) 1,01(16)

5 Q 168-12618 6,4-8,5 [122-704,5 |0,02-7,7 121
1422(97) 7,5(82) [65,8(121) |0,7(121)

6 Age-diverse |41-17000 6,2-8,25 |3,7-4954 [0,04-54 148

intrusives 1047(128) 7,3(59) |187,4(148) |2(148)

Note: the range is indicated in the numerator, the average value is in the
denominator, and the number of samples per each measurement is shown in
parentheses. The values exceeding the effective dose limit are printed in bolt type.

Group 3 (the most numerous) is represented by the waters from the Cretaceous-
Paleogene aquifers. The geochemical sample set is represented by a great variety
of chemical types, with the predominance of chloride-sulfate sodium composition.
Total salinity varies within a wide range from 305 to 5849 mg/dm3 (1422 mg/dm3
on average). The pH varies from neutral to weakly alkaline (from 7 to 8,9). The
waters of this group are distinguished by high radon activity, reaching 5400 Bq/
dm3 (while the average value is 141 Bg/dm3). The average total effective dose is
1,54 mZv/year.

Group 4 includes the groundwaters of the Neogene age. These waters are
characterized by the diversity of chemical types, however, the hydrocarbonate-sulfate
type with mixed cationic composition. The average total salinity for the waters of
this group is 966,6 mg/dm3 (varying between 113 and 3500 mg/dm3). These waters
are weakly alkaline (pH 7,8—8). The maximal activity of radon is 388,5 Bq/dm3, the
average activity being 93 Bq/dm3; the effective dose is 1,01 mZv/year.

Group 5 includes the groundwaters of the Quaternary sediments. The chemical
type of these waters is mainly hydrocarbonate-sulfate with mixed cationic
composition. Total salinity varies from 168 to 12618 mg/dm3 (the average value
is 1422 mg/dm3). The pH varies from weakly acidic to weakly alkaline (6,4-8,5).
Radon activity has been determined to vary from 122 to 704,5 Bq/dm3, the average
effective dose is 0,7 mZv/year.
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All fracture-vein waters of intrusive formations represented by age-diverse
granites and granodiorites have been united in group 6. Two prevailing kinds of
groundwaters are distinguished within this group: hydrocarbonate-sulfate and
sulfate-chloride with mixed cation composition, with the average total salinity
equal to 1047 mg/dm3. The pH of waters varies between 6,2 and 8,25, from weakly
acidic to weakly alkaline. The average activity of radon is 187,4 Bq/dm3, while
the maximal value is 4954 Bg/dm3. The average effective dose is 2 mZv/year.

In general, neutral and weakly alkaline waters dominate (pH 6,5-8,9). The
TDS of groundwaters varies within a broad range from 41 to 21600 mg/dm3. The
most substantial data scattering and the highest salinity are observed in group
1, relatively low values are characteristic of group 2. In all other groups, the
average TDS values are close to each other. Radon activity varies from 0,2 to
5550 Bq/dm3, extreme high values were detected in the groundwaters of group 3,
high values also are characteristic of group 1, and waters of other groups exhibit
approximately similar radon activity values.

According to monitoring results (Fig. 2), within the Zhetysu-Alatau-Tien Shan
hydrogeological region radon activity varies within a broad range from 2 to 5098
Bg/dm3, with the average value equal to 230 Bg/dm3. The lowest radon activity
is detected in the Yenosei-Sayan-Altai region: from 3,7 to 400,5 Bg/dm3 (40,3 Bq/
dm3 on average). In the Skifsko-Turanskiy region, radon activity is within the range
from 0,2 to 5400 Bq/dm3, the average value being 124 Bq/dm3, and in the Cewntral
Kazakhstan region it varies from 0,3 to 5550 Bq/dm3 (106 Bg/dm3 on average).

The calculated background activity of radon for the region under inevestigation
is 50 Bq/dm3, which does not exceed the action level; nevertheless, the maximum
permissible concentration was exceeded by more than 30 % of samples (Figure 4).
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Figure 5. The distribution histogram and radon activity variation diagrams for the groundwaters.
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Analysis of the diagrams shown in Figure 5. provides evidence of the presence
of regions where the permissible level of radon in groundwaters is exceeded
substantially, which is well seen in the diagram of radon activity variation in
groundwaters, with extreme high concentrations detected. The maximum radon
activity (up to 5000 Bg/dm3) is observed in the groundwaters of ungraded
Paleozoic, Cretaceous-Paleogene and magmatic rocks.

Results and Discussion. According to calculations, the effective annual dose for
88% of the objects does not exceed the world average value (2,4 mZv (National...,
2009)). However, for 5% of the studied objects the effective exposure dose exceeds
5 mZv/year and reaches 50-60 mZv/year, which means that using water from
these sources is dangerous, this situation requires immediate precautions aimed
at improvement of the radiological conditions and establishment of the regular
monitoring of water sources (Hygienic..., 2011). Substantial exceedance of the
permissible effective dose, with radon activity above 4000 Bq/dm3, is observed
in the spring and well near Aksuek settlement in the Moynykum district of the
Zhambyl Region of Kazakhstan, as well as in the wells and springs of the Sozak
district of the Turkestan Region (Fig. 3). Attention should be paid to the fact that
radon in water is not a sole source of ionizing radiation: substantial contribution is
made by radon entering with the soil air, gamma radiation directly from the rocks
and some construction materials, and other natural sources.

Conclusions. Groundwaters mainly of sulfate calcium and sulfate sodium
types with TDS varying from 41 to 62200 mg/dm3 are widespread over the
territory under investigation. Their chemical composition is formed due to the two
dominating processes: terrigenous rock weathering and continental salting.

According to monitoring results, radon activity at the territory under study
varies within a very broad range: from 0,2 to 5550 Bq/dm3 with the average value
equal to 121 Bg/dm3 and background value 50 Bq/dm3. The effective public
exposure dose due to radon is 0,002 to 60,5 mZv/year.

In 88% of the objects, the effective annual dose from natural sources does
not exceed the world average value, 2,4 mZv, however, in 5% of samples the
effective exposure dose exceeds 5 mZv/year and reaches 50-60 mZv/year,
thus it is dangerous to use water from these sources, and this situation requires
immediate precautions aimed at improvement of the radiological environment and
establishment of regular monitoring of water sources.

The largest contribution into the total effective dose is made by radon inhalation,
so efficient means to decrease its harmful action are indoor ventilation, preliminary
water storage in open vessels for natural decrease of radon activity as a result of
radioactive decay.
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